ABSTRACT The Hessian ßy, Mayetiola destructor (Say), poses a signiÞcant economic threat to wheat in terms of reduced grain yield, particularly in the eastern soft-winter-wheat region of the United States. However, little is know about the molecular mechanisms involved in the plantÐinsect interaction. The glutathione S-transferases (GSTs) form a large family of enzymes that protect cells from damage by reactive electrophilic compounds. We have cloned and characterized two GST genes from biotype GP of the Hessian ßy. Sequence analysis and homology searches of the coding region for the Þrst gene (designated mdesgst1-1) indicated it contained an intact coding region for a GST-like protein sharing homology to the insect class I GSTs. Analysis of the coding region for the second gene indicated it contained numerous stops and was most probably a pseudogene. Southern analysis and in situ hybridization on polytene chromosomes suggested the class I GSTs in M. destructor are encoded by a small gene family that is arranged sequentially on the short-arm of chromosome X1. Expression in vitro of the protein encoded by mdesgst1-1, and biochemical analysis of activity conÞrmed the mdesGST1-1 protein was catalytically active. Reverse transcription-polymerase chain reaction revealed mdesgst1-1 was expressed in midgut tissue, fat body, and salivary glands of larvae. Preliminary results from double-stranded RNA interference of GST gene expression seem to suggest a role for GSTs in the biochemical adaptation of M. destructor larvae to wheat.
THE HESSIAN FLY, Mayetiola destructor (Say), is thought to be endemic to the southern Caucasus and Southwest Asia, the center of origin of the genus Triticum L., and to have evolved in a sympatric manner with wheat. The pest was Þrst reported infesting wheat within the United States from Long Island, NY, in 1779. Currently, it is present in all of the major wheatproducing areas of the United States and poses a signiÞcant economic threat to wheat in terms of reduced grain yield particularly in the eastern soft-winterwheat region of the United States (Ratcliffe et al. 2000) . Females deposit their eggs on the leaves of wheat plants. Neonate larvae crawl down the leaves, enter the leaf sheath, and feed near the crown or at nodes. Damage to wheat is due entirely to feeding by larvae. In fall infestations, larval feeding results in stunting and development of a dark green color in infested primary shoots or tillers and can lead to the death of seedling plants (Byers and Gallun 1972) . In spring infestations, larval feeding prevents normal elongation of the stem and transport of nutrients to the developing grain, and results in lodging of the stem (Buntin 1999) .
The planting of resistant wheat is the most economical and environmentally sound method of control and in the United States has been used for the past 60 yr (Ratcliffe and Hatchett 1997) . Resistance is expressed as larval antibiosis and is generally controlled by single genes that are partially to completely dominant (Gallun 1977, Ratcliffe and Hatchett 1997) . Virulence in the insect, ability of larvae to survive on and stunt plants, with respect to some resistance genes, is controlled by nonallelic genes at single loci and operates on a gene-for-gene basis with resistance (Hatchett and Gallun 1970 , Formusoh et al. 1996 , Zantoko and Shukle 1997 . The selection of virulent biotypes of the M. destructor capable of surviving on and stunting formally resistant wheat is the greatest threat to the durability of resistance. Presently, 16 deÞned biotypes, Great Plains (GP) and A through O, have been identiÞed in Þeld populations in the United States by their reaction in a differential set of four wheat genes for resistance H3, H5, H6, and H7H8 (Ratcliffe et al. 2000) . The Great Plains biotype is avirulent, larvae cannot survive on and stunt, with respect to each of these genes for resistance, whereas biotype L is virulent with respect to each of the genes.
To date, knowledge of the molecular interaction and biochemical adaptations between the insect and its host plant is limited. However, cytological studies support the hypothesis that a hypersensitive reaction is the phenotypic basis of resistance in the M. destructor/wheat interaction and involves "recognition" of an avirulence gene product or process (Shukle et al. 1990 (Shukle et al. , 1992 Grover 1995) . Characterization of avirulence genes from plant pathogens indicates they encode an amazing array of proteins and belong to several gene families; however, the biochemical functions of avirulence gene products are unknown (White et al. 2000) .
Insect herbivores achieve protection against potentially toxic plant allelochemicals by having a complex of general-purpose defensive enzymes to overcome the potential toxicity of plants they eat (Terriere 1984) . Feeny (1976) suggested specialist insect herbivores possess more tightly coevolved adaptations than generalist insects, and such an evolutionary scheme should be consistent with host plant-speciÞc biochemical adaptations in M. destructor. Glutathione S-transferases (GSTs, EC2.5.1.18) are enzymes involved in the detoxiÞcation of many xenobiotics such as plant defense allelochemicals as well as antioxidative defense against the prooxidative toxicity of allelochemicals (Ahmad et al. 1986, Ahmad and Pardini 1990) . Additionally, plant defense allelochemicals have been reported to induce GST activity in insects (Yu 1989 , Vanhaelen et al. 2001 ). An increase in reactive oxygen species in vivo may result in various destructive reactions, including lipid peroxidation (Bus and Gibson 1979) , which can induce cellular deregulation by changing lipids with unique and specialized functions (Downer 1985) . Defense against the oxidative toxicity of allelochemicals is achieved by antioxidative enzymes such as superoxide-dismutase, catalase, GST, and glutathione reductase. GSTs catalyze the conjugation of electrophile molecules with reduced glutathione (for reviews, see Pickett and Lu 1989, Hemingway 2000) . When conjugated to reduced glutathione, the potentially toxic substances become more water soluble and generally less toxic. In the Insecta, GSTs are classiÞed as either class I or class II GSTs based on their amino acid sequences (Fournier et al. 1992 , Ranson et al. 1997 , Hemingway 2000 .
We have cloned and characterized a GST gene (designated mdesgst1-1) from biotype GP of M. destructor. The goal of the present work was to assess the potential role of GSTs in the M. destructorÐwheat interaction. We hypothesize GSTs may be involved in the general biochemical adaptation of M. destructor larvae to their host plant.
Materials and Methods
Experimental Insect. Hessian ßies (biotype GP, avirulent on all genes for resistance) were reared on ÔBlueboyÕ wheat (contains no known resistance genes) in a growth chamber at 20ЊC with a 12-h photoperiod. M. destructor voucher specimens are deposited in the Purdue Entomological Research Collection.
DNA Cloning. 5Ј, 3Ј-Rapid ampliÞcation of cDNA ends (RACE) procedures for rapid ampliÞcation of cDNA ends to recover a full-length cDNA were performed with RACE systems (Invitrogen, Carlsbad, CA) according to manufacturerÕs instructions by using primers anchored in a coding region detected in a small DNA cloned from M. destructor that showed homology to a number of GSTs from insects (Gst-5ЈRACE, 5Ј-AGCTGTTGCAACAAGACAAAAAT-CAGCGATTG-3Ј, Tm ϭ 73.8ЊC; Gst-5ЈRACE-nested, 5Ј-ATCAGCGATTGTTAACACGTCACCGCAAAC-3Ј, Tm ϭ 74.0ЊC; Gst-3ЈRACE, 5Ј-GATCGTTTAGCTA-AATTACCATATTATGAAC-3Ј, Tm ϭ 60.1ЊC; and Gst-3ЈRACE-nested, 5Ј-TATGAACAAGCAAATGGAAC-CGGCGCTCGC-3Ј, Tm ϭ 76.0ЊC). The DNA clone was one of a number of small genomic clones from M. destructor developed for restriction fragment-length polymorphism mapping that were sequenced and the cytological location on salivary polytene chromosomes determined by in situ hybridization (confer Shukle and Stuart 1995) . Total RNA for 5Ј, 3Ј-RACE procedures was extracted from 4-d-old Þrst instars of M. destructor by using the RNAqueous-4PCR kit from Ambion (Austin, TX). Temperature cycling was performed in a MJ. Research DNA Engine Dyad (MJ Research, Reno, NV) with the proÞle recommended for 5Ј, 3Ј-RACE by Invitrogen. Annealing temperatures for the primers were as follows: Gst-5ЈRACE 68ЊC; Gst-5ЈRACE-nested 68ЊC; Gst-3ЈRACE 60ЊC; and Gst-3ЈRACE-nested 68ЊC. The 5Ј, 3Ј-RACE products were cloned into pSTBlue-1 (Novagen, Madison, WI) and sequenced.
A full-length cDNA clone was recovered by reverse transcription-polymerase chain reaction (RT-PCR). First-strand cDNA was synthesized by the SuperScript Þrst-strand synthesis system for RT-PCR (Invitrogen) according to manufacturerÕs protocol. PCR primers to amplify the cDNA were designed to the ends of the coding region (GstF, 5Ј-ATGACGGAAAAAATTAC-CCTGTA-3Ј, Tm ϭ 58.7ЊC; and GstR, 5Ј-TTAA-GAGCTTTGATTTTTAGCTG-3Ј, Tm ϭ 55.0ЊC). PCR was performed in a 50-l reaction volume by using Invitrogen Platinum TaqDNA polymerase high Þdelity according to manufacturerÕs instructions. Temperature cycling was according to manufacturerÕs proÞle. Annealing temperature for the primers was 55ЊC. The resulting PCR amplicon was cloned into pSTBlue-1 to give clone pMdes_Cgst1 and sequenced.
To recover genomic clones, a phage lambda library was constructed from a partial Sau3AI digest of Hessian ßy genomic DNA by using the lambda BlueStar XhoI half-site cloning system from Novagen. The cDNA recovered from M. destructor encoding a GSTlike protein was labeled with [␣ 32 P]dCTP by oligonucleotide random priming reaction (Feinberg and Vogelstein 1983 ) and used to screen 150,000 plaque forming units from the lambda library. Two positive recombinant bacteriophage clones were obtained (Mdes_Ggst1 and Mdes_Ggst2). A 2.4-kb NotI/EcoRV fragment from clone Mdes_Ggst1 and a 6-kb NotI/ EcoRV fragment from clone Mdes_Ggst2 that hybridized to the cDNA clone for a putative GST were subcloned into the vector pGEM-5Z (Promega, Madison, WI) to give clones pMdes_Ggst1 and pMdes_Ggst2.
DNA Sequencing and Analysis. Three independent clones of each vectored DNA fragment were sequenced over both strands by the Purdue Genomics Center. T7 and SP6 primers and synthesized oligonucleotides to sequence internally were used in the reactions. Sequence analysis was performed with the Genetics Computer Group program package (Devereux et al. 1984) . The BLASTX program (Altschuel et al. 1990 (Altschuel et al. , 1997 ) was used to perform homology searches.
Southern Gel Blot Analysis. Five micrograms of M. destructor genomic DNA extracted from adults by the method of Lis et al. (1983) was digested with BamHI or AflIII. Agarose gel electrophoresis of DNA fragments after digestion was conducted in 0.8% gels by using Tris-acetate ethylenediaminetetraacetic acid buffer (40 mM Tris-acetate, 1 mM EDTA, pH 7.8). DNA gel blots were prepared as described by Sambrook et al. (1989) by using Nytran membrance (Scheicher & Schuell, Keene, NH). Probe DNA (cDNA for M. destructor GST gene mdesgst1-1) was labeled with [␣ 32 P]dCTP by oligonucleotide random priming reaction. Hybridization was conducted at 65ЊC as described by Sambrook et al. (1989) by using Bovine Lacto Transfer Technique Optimizer. After hybridization, blots were washed twice for 20 min at room temperature in 2ϫ standard saline citrate (SSC), 0.1% sodium dodecyl sulfate (SDS), and twice for 30 min at 60ЊC in 0.1ϫ SSC, 0.5% SDS. Blots were exposed to X-ray Þlm by using intensifying screens.
In Situ Hybridization. Procedures for preparation of M. destructor salivary polytene chromosomes were modiÞed from those developed for Drosophila melanogaster (Meigen) polytene chromosomes (Pardue 1986 ) as described by Shukle and Stuart (1995) . The chromosomes were probed with the bacteriophage clone Mdes_Ggst1 labeled with [ In Vitro Expression of the M. destructor GST. The cDNA recovered from M. destructor by 5Ј, 3Ј-RACE procedures encoding a GST-like protein was expressed in vitro by cloning in the pCAL-n expression vector (Stratagene, La Jolla, CA). The coding region of the cDNA was reampliÞed in a PCR reaction by using Invitrogen Platinum TaqDNA polymerase high Þdelity. Primers were designed to the ends of the coding region (vide supra) preceded by a BamHI site for the forward primer and a HindIII site for the reverse primer (GstF-BamHI, 5Ј-ACGTGGATCCAT-GACGGAAAAAATTACCCTG-3Ј and GstR-HindIII, 5Ј-ACGTAAGCTTTTAAGAGCTTTGATTTTTAGC-TG-3Ј). Temperature cycling was according to manufacturerÕs proÞle with an annealing temperature of 55ЊC. The PCR product obtained was digested with BamHI and HindIII, ligated into the BamHI and HindIII sites of pCAL-n, and the resultant plasmid (pMdes_Pgst1Ð1) used to transform Escherichia coli BL21(DE3) pLysS. Expression of the recombinant protein mdes_GST1Ð1 was induced by the addition of 0.4 mM isopropyl ␤-D-thiogalactopyranoside, and the incubation was continued for an additional 3 h at 30ЊC. The cells were harvested by centrifugation for 10 min at 5,000 ϫ g, freeze thawed, resuspended in 50 mM Tris-HCl, pH 7.4, 1 mM EDTA, 10 mM ␤-mercaptoethanol, and disrupted by sonication. After the addition of 10 mM dithiothreitol, the cell debris was removed by centrifugation (30,000 ϫ g for 20 min), and the supernatant removed for assay. Protein concentration was determined with the Bio-Rad protein reagent (Bio-Rad, Hercules, CA) (Bradford 1976) .
GST Expression in Larvae. RT-PCR to assess expression of the M. destructor GST in the midgut tissue, fat body, and salivary glands of larvae was by the SuperScript one-step RT-PCR system (Invitrogen) according to the manufacturerÕs protocol by using the primers designed to the ends of the coding region described previously (vide supra). Primers designed to a M. destructor actin gene sequence (Shukle 2000) (Act-probeF, 5Ј-ATGTGTGACGACGAAGTTGCT-GCTTTGGTT-3Ј, Tm ϭ 74.1ЊC; and Act-probeR, 5Ј-CATAACGATGTTAGCGTACAAGTCCTTACG-3Ј, Tm ϭ 66.4ЊC) were used as a control for RT-PCR. Total RNA for RT-PCR was extracted from midgut tissue, fat body, and salivary glands of early second instars by using the RNAaqueous-4PCR kit from Ambion. Tissues were rapidly dissected from larvae in cold, sterile saline, ßash frozen in liquid nitrogen, and stored at Ϫ80ЊC until RNA was extracted. Temperature cycling was performed in an MJ. Research DNA Engine Dyad by using the manufacturer-recommended proÞle and an annealing temperature of 55ЊC for the GST primers and 60ЊC for the actin primers. Control for RT-PCR of the GST amplicon included RNA without reverse transcriptase to generate cDNA template. Additionally, PCR with genomic DNA as the template for the GST coding region was included to display the size difference in amplicon obtained with cDNA template in which the intron was not present (672-bp amplicon) and genomic DNA template where the amplicon included the 110-bp intron (782-bp amplicon).
Determination of GST Activity. HabigÕs method (Habig et al. 1974 ) was used to determine activity of the recombinant M. destructor GST. The formation of reduced glutathione conjugates with 1-chloro-2, 4-dinitrobenzene (CDNB) was monitored spectrophotometrically. Assays were performed in triplicate. The unit was deÞned as micromoles per minute per milligram of protein. The difference in the molar extinction coefÞcient was ⌬⑀ 340 ϭ 9.6 mM Ϫ1 cm Ϫ1 (confer Habig et al. 1974) . Glutathione S-tranferase from equine liver (product no. G6511, Sigma, St. Louis, MO) was used as the enzyme standard in spectrophotometric assays.
RNA Interference (RNAi). RNAi was conducted as described by Lorenzen et al. 2001 . MEGAscript SP6 and T7 in vitro transcription kits (Ambion) were used to generate sense and anti-sense RNA from the cDNA for the M. destructor GST (pMdes_Cgst1). Sense and anti-sense RNA also were generated from the transposase of a mariner element (Desmar1) present in the genome of M. destructor (Shukle and Russell 1995, Russell and . RNAs for the GST and mariner transposase, respectively, were heated to 100ЊC and allowed to slowly cool to room temperature (Brown et al. 1999 ). Double-stranded RNA (dsRNA) from the GST cDNA (0.2Ð2.0 g/l) or from the mariner transposase (2.0 g/l) was injected into preblastoderm M. destructor Biotype GP embryos (2 to 4 h old) in injection buffer [5 mM KCl, 1 mM KPO 4 , 1% (vol:vol) green food coloring, pH 6.8]. The dsRNA from the mariner transposase served as the dsRNA control, and embryos injected with buffer alone also were included as controls. Injected embryos were incubated at room temperature in a humidiÞed chamber until hatching (Ϸ3 d). First instars were placed on the Þrst leaf blade of a seedling plant (ÔBlueboyÕ) near the ligule. Eight days after infesting plants with larvae, the leaf sheath was dissected and larvae screened as living or dead. Living larvae had molted to the second instar and were white. Dead larvae retained the red color of the Þrst instar and had not developed.
Data Deposition. The full-length cDNA and genomic sequence for the M. destructor GST gene mdesgst1-1 were submitted to GenBank and have the following accession numbers: cDNA for mdesgest1-1 AY515853; genomic sequence for mdesgst1-1 AY518897.
Results and Discussion
A full-length cDNA clone was recovered from M. destructor by 5Ј, 3Ј-RACE procedure by using primers anchored in a putative GST coding region detected in a small genomic DNA clone previously used in restriction fragment-length polymorphism mapping (vide supra). Homology searches (tblastx) revealed the full-length cDNA showed signiÞcant matches to a number of insect GSTs: 1) D. melanogaster, accession no. AJ437579 (1e ϫ 10 Ϫ57 , 72% similarity); 2) Musca domestica L., accession no. AF147206 (9e ϫ 10 Ϫ55 , 70% similarity); 3) Anopheles gambiae (Giles), accession no. AF316636, (6e ϫ 10 Ϫ58 , 68% similarity); and 4) Manduca sexta L., accession no. AF133268 (8e ϫ 10 Ϫ37 , 63% similarity). Alignment of the deduced amino acid sequence for the cDNA recovered from M. destructor with the GSTs from D melanogaster and A. gambiae revealed 59% identity with the other insect GSTs (Fig.  1) . These results support the cDNA recovered encodes a GST-like protein, which shares homology to other insect class I GSTs.
Two genomic clones were recovered from a Hessian ßy library constructed in phage lambda by using the cDNA clone as a probe. Sequence analysis of the Þrst genomic subclone (pMdes_Ggst1) indicated it contained an open reading frame encoding the 223-amino acid GST-like protein deduced from the cDNA clone. Comparison with the cDNA clone revealed the location of a small intron in the open reading frame. The nucleotide sequence and deduced amino acid sequence of the gene (designated mdesgst1-1) are shown in Fig. 2 . Two amino acid residues conserved throughout insect class I GSTs were identiÞed as well as four amino acid residues generally thought to be critical in determining folding in GSTs (confer Ranson et al. 1997) . A putative polyadenylation signal was identiÞed at position 989. Analysis of the second subclone (pMdes_Ggst2) indicated the coding region contained numerous stops and was from a pseudogene.
The results of Southern gel blot analyses of M. destructor genomic DNA are shown in Fig. 3 . Sequencing and mapping of restriction sites in the gene mdesgst1-1 revealed no BamHI sites, but a single AflIII site was present within the coding region (confer Fig. 2 ). This AflIII site was not present within the pseudogene contained in subclone pMdes_Ggst2.
A single band of hybridization was detected at 3 kb with BamHI digested M. destructor DNA. DNA fragments in this band should contain the coding sequences for the protein mdesGST1Ð1 as well as any other class I GSTs in M. destructor. Two bands of hybridization were detected at 3 and 4.5 kb with AflIII digested DNA. These two bands should contain fragments from cleavage at the AflIII site within the coding region of mdesgst1-1 as well as fragments containing coding sequences for other GSTs. These results suggest the class I GSTs in M. destructor are encoded by one gene or a relatively small number of genes arranged sequentially within the genome. Such sequen- Fig. 1 . Comparison of the deduced amino acid sequence from the cDNA for the putative GST from M. destructor with GSTs from D. melanogaster and An. gambiae revealed 59% identity. Identical amino acid residues among all species are shown in black boxes. Identical amino acid residues in two of the three species are shown in gray boxes. tial arrangement of class I GSTs has been reported in D. melanogaster (Toung et al. 1993) , M. domestica (Syvanen et al. 1994, Zhou and Syvanen 1997) , and A. gambiae (Ranson et al. 1997) .
The cytological location of mdesgst1-1 was determined by hybridization in situ on salivary polytene chromosomes (Fig. 4) . These results revealed a single cytological location on the short arm of polytene chromosome 3, which corresponds to chromosome X1 (confer Stuart and Hatchett 1989) . The failure to detect other regions of complementarity with this probe should support the results from Southern analysis and indicates the class I GSTs are probably encoded by a small number of genes arranged sequentially on the short-arm of chromosome X1.
To establish whether mdesgst1-1 encoded a catalytically active GST, the cDNA was expressed in E. coli and analysis of activity determined by measuring conjugation of reduced glutathione to the GST substrate CDNB by protein homogenates containing the recombinant protein mdesGST1Ð1 compared with similar homogenates from E. coli containing the nonrecombinant pCAL-n vector as well as a GST enzyme standard. These results conÞrmed the recombinant pro- tein mdesGST1Ð1 was a catalytically active GST ( Fig.  5 ; Table 1 ).
RT-PCR was used to reveal expression of mdesgst1-1 in midgut tissue, fat body, and salivary glands of larvae (Fig. 6) . Results indicated mdesgst1-1 was expressed in midgut, fat body, and salivary glands. From these data, we hypothesize mdesgst1-1 is a GST gene involved in the general detoxiÞcation capacity of Hessian ßy larvae during development on their host plant. From its expression in midgut tissue, it also seems plausible that mdesgst1-1 could be involved in the general biochemical adaptation of M. destructor larvae to their host plant.
To further investigate the role of mdesgst1-1 during development of M. destructor larvae on seedling wheat, we used RNAi by direct transfection of dsRNA made by in vitro transcription into embryos to suppress expression of the target gene in Þrst instars. The initial goal was to determine whether dsRNA for the GST would have an effect during development of larvae on the host plant compared with dsRNA and injection buffer controls.
Larvae developing from buffer injected control embryos or embryos injected with a dsRNA control (dsRNA for the transposase of the endogenous M. destructor mariner element Desmar1) completed the Þrst instar on the host plant in a normal manner ( Fig.  7A ; Table 2 ). However, injection of dsRNA for the GST into embryos led to a failure in 24 of 46 larvae developing from the embryos to survive the Þrst instar on the host plant, and of the surviving larvae most seemed to display adverse effects on development ( Fig. 7B ; Table 2 ). No effect from the GST dsRNA was observed on embryonic development or on the ability of hatchling larvae to infest the host plant. The deleterious effect of the GST dsRNA on larval development occurred after larvae infested the host plant. Whereas preliminary, we propose these results suggest a role for the GST encoded by mdesgest1-1 during development of M. destructor larvae on their host and Although the present results with RNAi are preliminary and require caution in interpretation, this reverse genetics tool should offer a useful approach to generating "knock-out" phenotypes for speciÞc proteins in M. destructor to address the function of genes involved in the insectÐplant interaction, including candidate avirulence genes. Future studies will be directed toward small interfering RNAs (siRNAs) and DNA constructs that transcribe inverted repeat RNAs to silence expression of target genes. shown. An amplicon of the expected size (Ϸ800 bp) was obtained. A second amplicon at Ϸ1 kb also was obtained, probably due to ampliÞcation from a second actin gene in M. destructor (confer Shukle 2000) . A Promega 1-kb ladder was run in lane 1 and lane 8. (B) Agarose gel analysis of PCR product obtained using primers designed to the ends of the coding region for mdesgst1-1 and genomic DNA extracted from M. destructor. An amplicon of the expected size (782 bp) to include the 110-bp intron present within the genomic sequence was obtained indicating the GST amplicons obtained in A were from cDNA template by reverse transcription of RNA from midgut, fat body, and salivary glands of larvae and not contaminating genomic DNA. In conclusion, a GST gene, mdesgst1-1, from M. destructor has been molecularly cloned and characterized. Analysis of the gene revealed it encoded a 223-amino acid GST-like protein sharing homology with other insect class I GSTs. Expression of the protein encoded by mdesgst1-1 and analysis of catalytic activity conÞrmed the recombinant protein was a catalytically active GST. In situ hybridization highlighted a single region on the short-arm of chromosome X1, which may indicate the gene(s) for this class of GSTs in M. destructor are arranged in the region. RT-PCR revealed expression of mdesgst1-1 in midgut tissue, fat body, and salivary glands of second instars. Although preliminary, results from RNAi to silence expression of mdesgst1-1 in Þrst instars may indicate a role for the encoded GST during development of M. destructor larvae on seedling wheat.
